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The  vehicle  potential  measurements  were  made  with  a dual 
retarding  potential  analyzer  system,  four  thermal  emissive 
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between  isolated  sections  of  the  payload. 

All  instruments  and  camera  were  programmed  along  with  the 
particle  guns  for  optimum  parameters  during  each  part  of  the 
program  cycle. 

A PCM  telemetry  format  was  used  to  accommodate  90  channels  of 
instrument  data. 
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The  objective  of  this  contract  was  the  design, 
fabrication,  testing  and  integration  of  rocket 
borne  instrumentation  for  the  measurement. of 
vehicle  charging.  Including  auxiliary  electronics 
Instrumentation  and  ground  support  equipment  with 
the  provision  of  field  services  for  prelaunch 
testing  of  the  Integrated  rocket  payload  at 
White  Sands  Missile  Range,  New  Mexico. 


SYSTEM  DESIGN 

The  payload  was  designed  for  an  Astrobe  P 
vehicle  with  a maximum  altitude  of  250  kilo- 
meters. The  payload  was  divided  into  three 
sections  below  the  ejectable  nose  cone:  The 
pressurized  particle  beam  system,  the  elec- 
tronics section,  and  an  insulated  cylindrical 
section  for  the  bipolar  voltmeter  sensoring 
surface  which  contained  the  recovery  parachute. 

The  pressurized  section  was  built  such  that 
when  the  nose  cone  was  ejected  and  the  electron 
and  ion  beam  system  caps  were  opened,  all  with 
timed  electro-explosive  devices,  the  particle 
beams  were  ejected  in  a line  parallel  to  the 
vehicle  spin  axis. 


The  electronics  section  was  unpressurized.  It 
contained  the  telemetry  and  beacon  electronics, 
the  retarding  potential  analyzer  sensors  and 
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electronic-.,  the  boom-mounted  thermal 
« ml:-.:  1y<  prober.,  surface  potent  ial  monitor 
<!<•;:  ij'rK  <1  arid  built  by  Aerospace  Corporation, 
transient  pulse  monitor  designed  and  built  by 
Stanford  Research  Institute,  electronic  Instru- 
ment programmer,  sensor  postamplifiers,  power 
supplies,  batteries,  payload  timers,  power  relays, 
and  camera.  This  section  provided  all  t.h<. 
ejectable  doors  for  booms,  retarding  potential 
analyzers  and  camera. 

2.1  Particle  Beam  Systems 

The.  electron  beam  system  was  designed  around 
the  Maehlett  Model  EE6S-?  electron  gun.  The 
system  was  similar  to  an  electron  beam  system 
developed  under  Contract  F19628-75-C-012A,  but 
modified  to  produce  100  watts  of  beam  power 
(35  mill iampe res  at  3.0  kilovolts.) 

The  Ion  beam  system  was  developed  by  Hughes 
Research  Laboratories  of  Malibu,  California, 
under  Contract  F19628-7B-C-0272 . 

2,1.1  Electron  Beam  System  Details 

The  EE65  electron  Pun  was  designed  by 
Maehlett  Laboratories  for  space  flight 
applications.  The  heater  and  control 
grid  assembly  is  the  same  as  that  of  a 
power  triode.  In  addition,  there  is  a 
focusing  anode  ring  and  accelerating 
anode  ring  forming  the  electron  beam 
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p*  ics,  anti  a h<  rmet  leal  ly  r.ealed  eno 
■ ap  used  for  evacuation  at  fabrication 
an  i a:'  a collector  for  the  beam  during 
• 1 i t ube  opera'  ion  . 

The  original  design  mad<  ust  of  a elec- 
trically induced  heat  stress  on  a ceramic 
cylinder  between  the  end  cap  and  the  anodi 
ring,  causing  the  cylinder  to  crack  evenly 


A pressure  seal  at  the  electron  gun 
penetration  used  a 3/8  inch  thick 
silicon  rubber  washer  between  the 
anode  ring  and  the  machined  surface  of 
the  front  wall  of  the  pressurized  section. 

The  schematic  for  the  electron  gun  power 
and  control  circuits  is  shown  on  Drawing 
D-938.  U1  is  a 24  volt  regulator 
supplying  power  to  the  5 KH,,,  saturating 
inverter  composed  of  Qn , Q0  and  T.  . The 
secondaries  of  T^  supply:  AC  heater 
power  for  the  electron  gun,  a floating 
50  volt  supply  for  the  amplifier  for  the 
electron  gun  control  grid,  and  base 
drive  power  for  the  two  high  voltage 
power  inverters  using  T0  and  T0.  The 

c.  0 

heater  winding  and  the  floating  50  volt 
supply  winding  are  operated  at  as  much 
as  3000  volts  negative  with  respect  to 
ground  or  vehicle  frame.  The  T-j  inverter 
is  designed  to  operate  from  before  vehicle 
lift-off. 

The  T0  and  T,_,  inverters  each  supply  1.5  KV 
at  35  mil liamperes . They  are  non-saturating, 
slaved  to  the  T^  inverter  described  above. 

The  secondary  high  voltage  rectifier  outputs 
are  wired  in  series  such  that  the  net  high 
voltage  may  be  either  1.5  KV  with  only 
inverter  T^  on,  or  3.0  KV  with  both  T0  and 
T.^  inverters  on.  The  unregulated  28  volt 
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Inverters  Is 
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power  for  both  of  these 
switched  on  at  proper  vehicle 
through  a power  relay  on  the 
t rol  deck  In  the  electronics 


al t 1 tude 
power  con- 
sec  t Ion. 


This  relay  Is  actuated  by  a timer.  K(  Is 
used  to  switch  power  to  the  T0  inverter  as 
a function  of  experiment  mode  determined 
by  the  electronic  programmer  located  in 
the  elec t ron l c s sec t l on . 


Beam  current  control  Is  achieved  by  the 
closed  loop  of  the  active  elements  If,, 
Qy,.  Q.-|  , > * Q10»  B{  ^ , '^ttd  t he  electron 

gun. 

is  an  electrometer  with  gain  switched 
by  relays  K.,  and  K0.  R.,,  , b.'Vl  K,  Is 

across  the  amplifier  at  all  times.  In 
the  one  mil 11 ampere  mode  of  operation 
(M0),  K,,  and  are  open.  All  of  the 
electron  beam  current,  whether  through 
the  cap  and  amplifier  , or1  t.hrough 
the  open  gun  and  the  environment  to  the 
vehicle  frame,  must  pass  through  the 
feedback  resistors  of  Lf, . Tin'  amplifier 
maintains  its  Input  at  the  reference 
voltage  of  pin  .1,  or  zero  volts.  A 
beam  current,  of  one  mill  lamp*' re  through 
R , ( , 6 . 3^  K,  causes  the  output  on  1 he 


f'mltter  of  Q^0  to  go  towards  -6.4  volts; 
which  is  the  value  of  reference  diode 
CRpQ.  At  this  point  Q-^  starts  to  turn 
off,  reducing  the  current  to  the  photo- 
diode of  opto-isolator  U^q.  This  in 
turn  reduces  the  current  through  the 
grounded  base  amplifier,  Q-^q>  and  causes 
the  output  of  operational  amplifier  U 
to  go  negative,  shutting  down  the  electron 
beam  in  the  gun. 

The  control  loop  then  is  such  that  the 
output  of  the  trans- resistance  amplifier, 

Ug,  goes  to  -6.4  volts  by  adjusting  the 
beam  current  of  the  EE65-2  electron  gun. 

The  electron  gun  current  is  therefore 
6.4  volts  divided  by  the  resistance 
placed  across  Ug. 

When  only  is  closed  (during  M^q),  Rgg 
is  placed  in  parallel  with  Rg^  producing 
a parallel  resistance  of  495  ohms  and  a beam 
current  of  13  milliamperes . When  K?  and 
Kg  are  closed  (during  )R38'R39,R59  and 
Rg0  are  all  in  parallel  with  Rg^  producing 
a resistance  of  182  ohms  and  a beam  current 
of  35  milliamperes. 

is  a cap  current  monitor  amplifier 
with  a linear  gain  of  R,-^  or  130  volts 
per  ampere  or  4.55  volts  per  35  milli- 
ampere . 
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Uc)  is  a frame  current  amplifier'  with  a 
gain  of  -.('19  volts  per  volt  or  (-4  volt  r. 
out  for  -6.4  volts  in.  Thi;  Is  a tele- 
metry monitor  of  the  -6.4  volt  output 
of  t tie  t rans- real  stance  amplifier,  Ug 
and  knowing  the  gain  of  amplifier' 
as  a function  of  mode,  is  a monitor  of  the 
amplitude  of  the  frame  current  due  to  1 he 
electron  beam. 

In  mode  9,  t-4  volts  output  is  equivalent 
to  one  mil  11  ampere  input;  in  mode  10, 
t-4  volts  out  is  equivalent  to  13 
milllamperes  in.  In  mode  11,  t-4  volts 
out  Is  equivalent  to  IS  milllamperes  In. 

Hesist  or  divider  string  R^,  through  R ^ 
provide  a focus  anode  voltage  and  a 
high  voltage  monitor  for  telemetry. 

About  3.0  percent  of  the  high  voltage' 
is  dropped  across  R, ^ making  the  focus 
anode  about.  90  volts  more  positive  than 
the  electron  gun  cathode  when  the  beam 
voltage  is  at,  3 KV,  and  about  46  volts, 
more  positive  when  at,  1.6  KV. 

The  voltage  across  R_,  ^ (7.6  K)  is  .133 
percent  of  the  high  voltage.  The  bottom 
of  R , is  held  at  ground  potential  by 
operational  amplifier  U^.  Voltage 
follower,  U(  , samples,  this  voltage  wl'h- 
out  loading  the  divider  (the  Input  im- 
pedance Is  In  the  ordi  r of  10^°  ohms.). 
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Uy  Is  a buffer  amplifier  with  a pain  of 
-1.  The  h 1 ph  voltape  monitor  pain  from 
the  negative  high  voltape  is  +1!  volts  per 
-3000  volts. 

The  anode  ring  of  the  electron  gun  Is 
returned  to  input  side  of  R^,  This 
maintains  the  ring  at  ground  potential 
but  returns  any  anode  ring  current  from 
the  internal  electron  beam  to  the  high 
voltage  positive  return  without  being 
measured  and  controlled  by  the  frame 
current  monitor  circuits. 

Mode  signals  Mt),  and  are  successive 

positive  five  volt  signals,  about  one- 
half  second  long,  developed  in  the 
instrument  programmer  located  In  the 
electronics  section. 

Rgg,  and  a pressure  switch  monitor  the 

pressure  of  the  pressurized  section.  The 
switch  remains  open  at  atmospheric  pressure, 
providing  a monitor  voltage  of  + JJ  volts 
to  telemetry.  Should  the  pressure  vent 
during  vehicle  ascent,  the  switch  closes 
at  a pressure  equivalent  to  50,000  feet,  re- 
ducing the  monitor  voltage  to  zero. 

and  a thermistor  mounted  on  the  main 
wall  of  the  pressurized  section  monitor  the 
temperature.  The  transfer  characteristic  of 
this  circuit  is: 
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T(°C)  = - ,-273 

A+R  In  H,r+C(  In  R )* 

1 5 • 8 Eo  , 

where  R,„  * X 10  ' ohms 

IS  - F.o 

and  A = 1 . .'76  X 10"-* 

R = 2.380  X 10-'1 

and  C = 8. ‘>78  X 10-'' 

At  S . 0 volts  out,  the  temperature  Is 
+15°C.  At  0.R  volts  out  the  temperature 
Is  +85°C. 

2.1.2  Positive  Ion  Beam  System 

The  Hughes  Research  Laboratories  Positive 
Ton  Ream  System  design  consists  of 
three  sub-assemblies:  ion  source, 
expellant  assembly,  and  power  processor 
assembly . 


A light  magnesium  structure  package 
holds  the  three  sub-assemblies  into 
one  package  such  the  electronics  and 
the  expellant  assembly  can  be  main- 
tained at  atmospheric  pressure  in  the 
pressurized  section  of  a rocket.  The 
ion  source  is  packaged  in  a vacuum 
tight  enclosure  with  a cover  which 
can  be  released  with  an  el  <>rt  fo-ord  osl  v*' 
device.  The  cover  and  release  mee  lanistn 
was  designed  by  W.  Lynch  of  AT'tlL. 
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The  expel  1 ant  gas  is  xenon.  The  ,'as 
reservoir  is  connected  to  the  ion 
source  cathode  using  an  electrically 
operated  latching  valve,  nressure 
regulator,  porous  plug,  and  a high 
voltage  isolator. 

The  ion  source  uses  a Penning-! vpe 

discharge  from  which  positive  xenon 

ions  are  extracted  and  accelerated 

electrostatically . 

/ 

The  cathode  of  the  discharge  is  a porous 
tungsten  insert,  impregnated  with  low 
work  function  producing  oxides.  An 
axial  magnetic  field  Is  used  to  restrict 
electron  flow  radially  and  increase 
the  number  of  electron-atom  collisions. 
External  to  the  ion  accelerating  grids 
is  a neutralizer  heater  which  can  be 
operated  in  a controlled  loon  mode  to 
emit  approximately  the  same  magnitude 
of  electron  current  as  that  of  the 
ion  beam  for  neutralization  of  the  beam. 
Emission  is  adjusted  by  varying  the 
temperature  of  the  heater. 

The  characteristics  of  the  positive  Ton 
Beam  System  are  shown  in  Table  1.  A 
list  of  commands  available  in  the  instru- 


. 
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ment  is  shown  in  Table  2.  Those  commands 
used  only  for  automatic  programming  in 
flight  as  well  as  those  wired  to  the 
ground  test  umbilical  connector  are  in- 
dicated. A list  of  telemetry  analog 
outputs  is  shown  in  Table  j.  All 
telemetry  outputs  from  the  Positive  Ion 
Beam  System  were  given  main  frame  word 
assignments  in  the  PCM  system,  to  be 
described  later,  except  the  expellant 
tank  pressure  monitor  and  the  power  pro- 
cessor assembly  temperature. 

2.1.3  Launch  Tower  Initialization  and  Flight 

Program  for  the  Positive  Ion  Beam  System 

"Many  minutes  are  required  to  activate  the 
PIBS  cathode,  start  a discharge  and  extract 
a beam.  Therefore,  prior  to  launch  the 
ionization  chamber  must  be  evacuated,  the 
cathode  activated,  and  a discharge  struck 
and  maintained.  Then  the  vehicle  must  be 
launched  in  a discharge  mode  until  at  proper 
altitude  the  positive  ion  beam  cap  is  re- 
moved and  automatic  program  takes  over  for 
beam  operation. 

This  ground  initialization  procedure  re- 
quires the  flow  of  expellant  gas  and 
therefore  precludes  the  use  of  a light., 
on  board,  vacuum  system.  A portable 
vacuum  system  operable  prior  to  launch 
in  the  launch  tower  was  designed  and  built 
by  Ken  McGee  of  AFGL.  It  consisted  of 
an  oil  piston  fore  pump  and  a turbo-jet 
high  vacuum  pump.  An  ionization  gauge 
vacuum  monitor  was  used. 
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Pre-launch  start-up  of  the  Positive  Ion 
Beam  System  inquires  the  following  se- 
quence of  operations. 

(1)  Prior  to  T-one  hour  the  nose  cone 
of  the  payload  is  removed  and 
the  portable  pumping  station  is 
moved  near  the  payload  and  connected 
to  the  pu up-out  port  of  the  ion 
source  blow-off  cover.  The  ion  source 
is  evacuated  to  a pressure  of  10  torr 
or  better. 

(2)  At  T-one  hour  the  PIPS  command  simulator 
is  connected  to  the  PIBS  test 
umbilical  connector  and  the  initial- 
ization commands  (without  Instrument 
power  on)  are  given:  7,8,10,13,16,19, 
20,23,28.  (See  Table  2).  The  PIBS 

is  turned  on  by  control  in  the  blockhouse 
throughland  lines  connected  to  another 
umbilical  connector. 

(3)  Command  3 is  given  and  after  five 
seconds,  command  4 is  given.  This 
allows  sufficient  expellant  gas  to  be 
entered  into  the  front  end  of  the 
pressure  regulator  (at  900  to  1000  psi) 
to  operat.  > the  PIBS  for  2 1/2  to  3 
hours.  A'  this  time  the  ionization 
gauge  in  i he  launch  tower  rises  to  2 to 
5 x 10  t orr  because  of  the  xenon  gas 
flow . 
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(4)  Command  5 is  given,  applying  about 
25  watts  of  power  to  the  cathode 
heater  and  turning  on  the  discharge 
supply  within  the  PIBS. 

(5)  Commands  6,  10  and  28  are  given  in 
rapid  succession.  Command  6 turns  on 
the  ion  gun  pow-.  r,  including  the 
keeper,  beam  and  accel  supplies. 
Command  10  removes  the  keeper 
power,  and  command  28  removes 

the  beam  and  accel  power.  At  this 
point  a discharge  should  be  struck 
as  indicated  by  analog  monitors, 

3 and  8 . 

At  T-30  minutes  the  pump  port  on  the 
ionization  chamber  of  the  FIBS  is  closed, 
the  vacuum  system  stowed  away  from  the 
payload,  and  the  nose  cone  mounted  in 
place.  The  PIBS  command  umbilical  cord 
Is  removed  and  the  instrument  is  ready 
for  final  countdown  and  flight. 

At  the  proper  altitude  power  is  annlied 
to  a relay  driver  card  allowing  the 
command  program  to  be  entered  into  the 
PIBS,  and  to  the  high  power  mode  relay 
in  the  EBS.  The  automatic  command  se- 
quence is  shown  in  Table  4. 
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Prior  to  the  application  of  program 
power  the  PIBS  ion  gun  power  is  off 
and  there  is  therefore  no  beam  voltage, 
nor  can  the  neui ralizer  filament  and 
neutralizer  bias  supply  be  turned  on. 

The  electron  gun  at  this  time  can 
operate  properly  in  modes  d and  Id 
but  the  high  current  and  high  voltage 
relays  cannot  be  pulled  in  until  the 
application  of  program  power.  Mode 
number  11  therefore  can  only  enable 
the  ERS  to  emit  13  milliamperes  at. 

1.5  kilovolts. 

Each  mode  lasts  one-half  second.  A 
mode  cycle  is  therefore  six  seconds  long. 
With  the  application  of  program  power  from 
the  experiment  timer,  the  PIRS  starts 
to  operate  at  the  time  of  the  next 
signal,  when  PIRS  command  No.  6 is  issued. 

2.2  Instrument  Programmer 

An  instrument  programmer  was  required  to 
establish  a mode  sequence  for  the  particle 
beam  systems  and  also  to  set  some  of  the 
measurement  Instrument  paramaters  as  a 
function  of  mode. 
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For  each  mode  of  the  particle  puns, 
the  Retarding  Potential  Analvzer  Is 
stepped  through  six  levels  of  analysis. 

The  gain  of  the  outer  thermal  emissive 
probes  must  be  changed  as  a function  of 
particle  polarity.  The  Inter-Segment 
voltmeter  must  change  pre-amplifier 
gain  and  impedance  level  in  anticipation 
of  transients  at  each  mode  change.  The 
camera  shutter  must  be  advanced  at 
each  node  change  and  be  given  binary 
coded  decimal  digital  information  for 
recording  of  mode  and  mode  sequence 
count  on  each  Dicture  frame  for 
correlation  of  camera  recorded  events 
with  experiment  program. 

P.2.1  Programmer  Circuit  Description 

The  instrument  program  requires 
two  circuit  boards  in  the  instru- 
ment electronics  box  located  in  the 
un-pressurized  electronics  section. 
The  schematics  are  shown  on  Drawings 
D-876  and  0-87*1. 

U-j  of  Drawing  D-876  is  a P*J  Hz 
oscillator.  U0  is  a divide-by-twelve 
counter.  The  first  stage  output  Is 
Qo  and  is  a square  wave  at  12  Hz. 
This  is  the  basic  time  interval  re- 
quired for  the  six  steps  per  mode 
for  the  Retarding  Potential  Analyzer. 


mnurr  " • 
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The  last  three  stages  of  U 0 can  be  coi  - 
sidered  a divlde-by-sl x counter  with 
weights  of  1,  2 and  3 for  , Q.,  and 
Qg  outputs. 

is  a 1 of  8 decoder/demultiplexer 
which  converts  the  dlvide-by-six  out- 
puts to  1 of  6 outputs,  down.  Ug  is  a 
hex  inverter  producing  the  t hrou,-'; 

Rg,  one-of-slx,  up,  signals  for  the 
Retarding  Potential  Analyzer.  Table  R 
shows  the  count  in  the  last  three  stages 

of  U«  versus  the  cutouts  of  U„  and  of  P . 

d 2 

The  output  of  the  last  stage  of  If,,  A. 
is  a square  wave  at  2 Hu.  This  is  the 
basic  time  interval  for  each  mode  of 
the  twelve  step  program.  This  output  is 
counted  in  the  divide-by-twelve  counter 
Uj  , on  Drawing  D-874. 

It  should  be  noted  here  that  the  circuits 
of  Ux,  U3,  Uy,  Ug,  U9,  U1Q,  and  Un 
were  used  in  the  original  programmer 
design  to  provide  variable  mode  lengths 
in  modes  4 and  8.  These  were  the  modes 
when  the  neutralizer  filament  was 
originally  turned  on  and  off.  The  on- 
off  thermal  time  constants  of  the  fila- 
ments were  not  known  at  that  time  so 
provision  was  made  to  pre-wire  extended 
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modes  in  one-half  s >cond  increments  in 
both  Mode  U and  Mod'1  8.  These  delays 
were  by-passed  in  the  flight  configuration 
since  the  thermal  time  constants  in- 
volved were  found  to  be  Insignificant 
relative  to  the  final  program  design. 

The  outputs  of  are  returned  to  Mode 
Signal  Generator  on  Schematic  D-876 
and  are  fed  to  Ug  and  U~  forming  a one- 
of-twelve,  down  circuit.  and 

invert  these  output:,  to  produce  positive 
gates  for  use  in  th<-  Retarding  Potential 
Analyzer.  Table  6 chows  the  count  in 
the  Mode  counter  versus  the  counter  and 
decoder  outputs. 

U^-,  generates  a high  signal  when  in 
modes  1 through  8 (FIBS  ON).  This  signal 
is  used  to  reduce  the  gain  of  the  outer 
Thermal  Missive  Probes  on  the  booms, 
when  the  ion  beam  is  on. 

The  logic  of  the  gates  in  U _ produces 

i.  <_ 

a positive  gate,  £ M,  which  brackets 
each  mode  change.  This  resulting  gate 
is  present  from  approximately  20  milli- 
seconds before  until  20  milliseconds  after 
every  mode  change.  This  gate  is  used  to 
change  the  gain  and  impedance  of  the 
intersegment  bi-polar  voltmeter  and  to 
reset  and  look  for  peak  transients  out  of  the 
bi-polar  volmeter  just  after  mode  change. 
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puts)  for  telemetry. 

On  schema!  lc  P-87^,  U,  ami  f are 
dl  vlde-by-s  i xteen  counters  whir): 
count  the  number  of  twelve  step  mode 
cycles.  They  are  capable  of  accummulat  In 
756  mode  cycles  representing  l‘>ln  seconds 
or  ,'h.6  minutes  of  payload  operation. 

The  output  s of  t ho  U,  and  P(  counters  am 
summed  In  binary  weighted  resist. or 
matrices  to  produce  two  sixteen  step 
staircases,  f ^ and  I’,  for  telemetry. 

The  outputs  of  t he  l'j.  , U,  , and  U(. 
counters  are  also  sent  t o t he  camera 
electronics.  Transit  ions,  of  I' 

o 

(least  significant  hit  of  the  mode 
counter)  are  used  In  t lie  camera  elec- 
tronics to  t r I yyor  the  camera  shut  or, 
once  every  one-halt’  second  or  every 
mode  chanyo.  All  bits  of  t he  t hree 
counters  are  used  for  generation  of 
decimal  dly.lt  s In  the  camera  dls.pl  ay 
unit  which  provides  a coded  frame  number. 
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for  each  picture  frame  taken.  A 
description  of  the  codes  and 
correlation  with  the  mode  and  pro- 
gram staircases  Is  described  later 
In  this  report  . 

2. 3 Ret  arding,  Potential  Analyser 

The  RPA  experiment  Is  made  up  of  three  com- 
ponents. Two  are  sensor  packages  each  with 
Its  own  self  contained  bl -polar  logarithmic 
amplifier  and  the  third  Is  tin1  common  elec- 
tronics package . Each  sensor  is  mounted 
with  Its  acceptance  axis  perpendicular  to  the 
vehicle  axis  and  at  90  degrees  from  the  other 
sensor . 

2.  3 . 1 Sensor  Description 


The  sensors  are  Identical.  An  assembly 
drawing  for  them  is  shown  In  Drawing 
0-4;'8.  Each  sensor  consists  of  four 
elements.  One  Is  a one  inch  aperture 
with  two  tungsten  mesh  grids  spaced 
0.15  inches  apart  and  having  an 
optical  throughput  of  0.8.  The  aperture 
is  made  a double  grid  In  order  to  minimise 
electrostatic  punch-through  of  the  re- 
tarding voltage  from  affecting  the 
environment  Just  outside  tin'  sensor. 

The  retarding  grid  Is  0 . R inches  behind 
the  aperture  and  Its  optical  through-put 
Is  O.bO.  The  auxiliary  grid  of  two 
meshes  0.1R  inches  apart  and  0.5  Inches 
from  the  retarding  grid.  The  total 
through-put  of  all  the  grids  Is  0.60. 

n 
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This  auxiliary  grid  Is  double  In  ord.  : 
to  minimise  the  capacitance  between  t lit 
ret  and  l tg  grid  and  the  collector  and  there 
by  minimising  the  displacement  currer,’ 
to  the  Input  of  the  logarithmic  amp'll;' l r 
due  to  the  huge  voltage  steps  t .'000  V 
applied  to  the  retarding,  g,rld).  The 
collect  >r  or  cathode  Is  a stainless 
steel  plate  ('.IS  Inches  behind  the  an  v 1 ! I a r \ 
grid . 

The  voltages  on  aperture,  retarding 

and  auxiliary  grids  for  each  sensor  atn 

developed  from  common  circuits,  ’’’he 

collector  potential  la  established 

at  ground  by  reference  voltages  of 
I 

two  seperat.e  operational  amplifiers. 

The  aperture  grids  are  always  at  t ,'.0  \ 
and  the  collector  at  zero  with  respect 
to  the  vehicle  potential.  The  retarding 
and  auxiliary  grid  voltages  are  pro- 
grammed In  modes  M ^ through  M ^ , and 
steps  R.  through  R as  shown  In  Table  ’. 

The  auxiliary  grid  Is  made  -lb  volts 
to  minimise  secondary  electrons  from 
leaving  the  collector  when  high  energy 
particles  are  Imposing  on  It  . The 
grid  Is  made  sero  volts  whenever  Its  -l1- 
volt  potential  ean  contribute  to  that 
being  applied  to  the  retarding  grid. 


2.3.2 


The  Pi-Polar  Logarithmic  Amplifier 


T1 


The  bi-polar  logarithmic  amplifiers 
are  designed  to  measure  the  net  charged 
particles  collected  on  the  cathode 
element  of  the  RPA  sensors.  The 
amplifiers  for  each  sensor  package  are 
identical.  Calibration  data  in  the 
form  of  five  decade  curves  Is  given 
in  Figure  1.  The  amplifier  output 
voltage  for  zero  input  current  is 
2 . A 0 volts.  For  input  currents  less 
than  10  ^ ^ amperes  the  curve  Is 
approximately  linear.  For  Inpul  currents 
greater  than  10” 10  amperes  the  curve 
is  logarithmic  with  a slope  of  0.5 
volts  per  decade  increasing  for  positive 
currents  and  decreasing  for  negative 
currents.  The  output  is  limited  by 
semiconductors  from  going  below  -0.5  V 
or  above  +5.5  volts. 

The  schematic  for1  the  bi-polar  logarithmic 
amplifiers  is  shown  in  Drawing  C-80P. 

It  consists  of  a high  input  Impedance 
(low  leakage)  operational  amplifier, 

D j an  TCH  8500A,  two  logging  circuits, 
the  main  elements  for  which  are  the 
PNP  transistor  for  negative  input 
currents  and  the  NFN  transistor  Qa 
for  positive  input  currents,  and  t he 
signal  conditioning  amplifier  l’,. 

The  input  and  output  of  U,  are  designed 
to  be  at  zero  volts  for  zero  input 
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current.  The  feedback  betas  (deter- 
mined by  R,, , R y , Rq,  R ^ ^ for  the  negative 
logging  circuit  ) and  by  R^  j , R;  ,,  R^, 
for  the  positive  logging  circuit.) 
operating  on  the  natural  Log  character- 
istic of  and  of  60  mv  per  decade 
of  Input  current  results  In  output  change 
of  0.70  volts  per  decade  above  and 
below  zero  volts.  The  operational 
amplifier  Un  is  used  to  offset  the  zero 

C 

to  approximately  + 2 . S volts  and  set 
the  gain  to  0 . R volts  per  decade  to  give 
approximately  +5  decades  of  dynamic  gain 
between  0 and  +S.0  volts.  Resistors 
R^  and  R ^ 0 In  the  feedback  beta  networks 
have  temperature  coefficiently,  of 
0 . 7r->%/°C  to  compensate  for  the  tem- 
perature coefficient  of  the  semi- 
conductor logarithmic  slope  character- 
istics. The  displacement  current  t o the 
input  of  the  amplifier  from  the  voltage 
switching  waveforms  on  the  retarding,  and 
auxiliary  grids  coupled  through  their 
respective  capacitors  to  the  cathode  Is 
cancelled  by  applying  a sample  of  the 
reclprical  of  these  waveforms  through 
capacitor  C . The  voltage  t ransient  from 
the  auxiliary  grid  is  the  order  of  16 
volts  through  20  pf  and  that  on  the  re- 
tarding grid  the  order  of  2000  volts 
through  0.02  pf.  The  resultant  dis- 
placement. current  Is  about  10-1(1  amperes 
and  with  a duration  of  less  than  0.2 
seconds . 


2.3-3  The  RPA  Electronics  Package 

The  electronics  package  consists  oP  Mode 
and  Range  Logic,  Relay  Circuits,  a High 
Voltage  Power  Supply,  a Low  Voltage  Analog 
Multiplexer,  and  Signal  Conditioning 
Circuits  for  the  retarding  grid,  auxiliary 
grid,  telemetry  monitors  and  displace- 
ment current  amplifier.  The  schematic:- 
for  the  electronics  package  are  shown 
in  Drawings  C-8QQ  and  D-900. 

The  retarding  grid  voltage  stepping 
philosophy  is  easily  demonstrated  in 
Drawing  C-899-  There  are  two  stepping 
voltage  ladders  generated.  One  is 
referred  to  as  a High  Voltage  Ladder 
used  in  Modes  1-2-3-4-6-7-9-10-11 
and  the  other  is  the  Low  Voltage  Ladder 
used  in  Modes  5-8-12.  The  selection 
is  made  by  energizing  relay  K(  for 
the  High  Voltage  Ladder  or  K,  for  the 
Low  Voltage  Ladder.  The  High  Voltage 
Ladder  is  generated  by  properly  energizing 
high  voltage  reed  relays  through  K^. 
The  Low  Voltage  Ladder  is  generated 
( D-900 ) by  properly  gating  the  analog 
multiplexer  and  level  changing 

operational  amplifier  li^R. 
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The  High  Voltage  Ladder  as  shown  In 
Table  7 must  be  able  to  go  from  +2000  to 
-2000  volts  as  function  of  Mode  and 
Range.  The  polarity  selection  Is 
accomplished  by  relays  K^q  through 
If  and  are  closed  contact  K(, 

grounds  the  negative  terminal  of  the 
high  voltage  power  supply  and  contact 

connects  the  positive  terminal  to  the 
input  of  the  range  relays  K ^ through  Kq. 

The  minus  polarity  ladder  Is  generated 
by  closing  relays  and  For 

both  polarity  ladders  there  are  basicity 
two  levels  -1000  volts  and  2000  volts. 

With  Kq  unenergized  resistor  R0  is  made 

part  of  the  range  divider  and  the 

highest  voltage  available  at  is 

+ 1000  volts.  With  Kq  energized  R0 

is  shorted  out  and  the  full  2000 

volts  is  available  at  K^.  The  resistor 

divider  R-^  through  R^  makes  available 

voltages  which  are  related  to  those 

above  and  below  by  factors  of  approximately 

three . 

The  logic  performed  for  energizing  each 
relay  as  a function  of  Mode  and  Range 
is  as  follows: 

Hi  or  Lo  Voltage 

Kj=R  , *M1+M?+M3+M1<+M6+M7+Mg+M10+MI  ] 


VVM12 


Magnitude 

VVV^o^n+VVVV 

Polarity  Positive 

(K10)<K13,-MltVM3*%+V’,6<RH+VRf 

Polarity  Negative 

<Kl,<K1?>'VM10tHlltM6<l,l*VR3) 

Range  Relays 

Kg=R1  (M1+M0+M3+M!j+M7+M0+M1  q+M1  1 ) 


K7»R2(M1+M2+M3+M11+M7+Mg+M10+M11) 


K6  = R3%+VVVVVM10+M11+V+M6  R4 
k5-Rii(m1+m2+m3+mJi+m7+m9+m10+m11)  +m6  r5+m6+r2 


K1|-R5(M1+M?+M3+M„+M7+M9+M1p+M11) 


k3=r6(m1+m2+m3+m1j+m7+m9+m10+m11+m6)  +m6  Rx 


The  Low  Voltage  Ladder  is  generated 
by  a analog  multiplexer  as  shown  in 
Drawing  D-900.  The  BCD  signals  , 

A 2 » and  A^  which  represent  the  Range 
Logic  before  decoding  are  used  to  gate 
the  appropriate  voltage  established 
by  the  resistor 

divider  R0^  through  R^.  This  voltage 
is  then  conditioned  bv  the  operational 
amplifier  to  obtain  the  ladders 

required  in  Modes  *5,  8,  and  12. 
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The  logic  for  auxiliary  *r1d  voltage 
if  xe  ’o  or  -15  volts  Is  given  by: 

V ( — l 0-(R)1  + Rr  + RA)(M1+M,+M,+V  + « + M,  , )+V 

It  Is  generated  by  turning  off  , for 
the  above  conditions. 

The  displacement  current  cancellation 

waveform  Is  developed  by  appropriately 

summing  V and  V’  through  R,.  . and  R , 

O R 4 0 be 

and  Inverting  through  the  operational 
amplifier  A. 

. 4 Th  MMual  Emission  Probes 

The  TEP  experiments  were  designed  to  measure 
the  environment  to  spacecraft  potential 
difference.  This  measurement  is  accomplished 
by  float  ing  (isolating  by  a known  Impedance) 
a collecting  sphere  and  an  emitting  filament 
with  the  expectation  that  sphere  and  filament 
will  remain  at  environment  potential. 

The  charging  rocket  experiment  used  four 
TEP's  mounted  on  two  (2)  booms.  One  (1) 
boom  was  designed  to  measure  + 100  volts  and 
the  other  + 500  volts. 

2 . 4 . 1 Circuit  Description  And  Calibrations 

The  TEP  electronics  consisted  of: 

(a)  Preamplifier 

(b)  Shield  Drive  Amplifier 

(c)  DC  to  DC  converter 

(d)  Telemetry  Amplifiers 


Drawing  D-906  Is  a schematic  of  the 
TEP  electronics.  The  preamplifier  was 
designed  around  a high  Impedance 
operational  amplifier  manufactured  by 
Analog  Devices.  The  input  and  feed 
back  resistors  differed  for  each  of 
the  four  (4)  probes. 

The  two  (2)  outer  probes  also  had  a 
resistor  relay  circuit  for*  changing  the 
amplifier  gain  as  a function  of  mode. 

The  gain  change  allowed  the  outer  sensors 
on  each  boom  t o measure  peak  volt  ages 
to  + 1000  volts  without  exceeding  the 
telemetry  limits  of  the  post  amplifiers. 

The  request  for  an  extended  range  as 
a function  of  mode  was  made  after  fabrication 
had  started.  A compromise  in  the  per- 
formance was  agreed  upon  that  only 
required  the  sensors  to  have  a + 1000 
volt  range  but  not  the  shield  drive 
amplifier . 

To  reach  + 1000  volts  with  the  shield 
drive  amplifiers  would  require  new 
amplifier  design  and  higher  voltage 
power  supplies. 

The  shield  drive  amplifier  was  driven 
from  the  output  of  the  preamplifier  and 
provided  a voltage  that  tracked  the 
filament  and  sphere. 
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The  shield  consisted  of  a brass  lube 
which  was  used  to  suppori  the  sensors. 

The  shield  was  biased  about  LO  volts 
negative  with  respect  to  the  filament 
so  that  emission  from  the  filament 
to  the  shield  would  not  occur,  he 
resistors  used  for  gain  selection  wer< 
manufactured  by  Victoreen  Inc.  (type  M OX 
1125)  and  were  selected  for  t tit'  1 1 volt  a n 
coefficient  of  resistance. 

The  DC  to  DC  converter  supplied  the  power 
to  the  tungsten  filaments  by  way 
of  Isolation  transformers  and  '''  , 

The  isolation  transformers  wore  care- 
fully wound  so  that  the  impedance  from 
winding  to  winding  would  not  shunt  the 
input  impedance  of  the  preamrl i f ier . 

The  input  resistor  of  the  100  volt  amplifiers 
Uo  3 x 10^v1  ohms  and  for  the  S00  volt 
amplifiers  Is  10 1 ohms.  Transformers 
T-,  and  T^  were  used  to  give  an  indica- 
tion of  heating  current  supplied  to  the 
filament  and  serve  as  a monitor  for 
a broken  or  open  filament. 


The  post  amplifiers  used  for  each  TEP  are 
shown  schemat  ically  on  Drawing  C.-S'i  ^ , 

, Up,  and  U-  are  parallel  linear 
amplifiers  with  circuit  gains  of  tic.b1', 

+ 2 . 5 , and  +0.S  volts  per  volt  . Tho 
output  maximum  swings  of  the  amplifiers 
are  + ^ volts.  Therefore,  U ^ limits 
at  + , ^ volts  in,  U,  limits  at  + P.O 
volts  in  and  U , limits  at  + 10  volts 
In  (the  limit  of  the  preamplifier 
out  put. ) . 
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Point  A is  wired  to  point  D,  point 

B to  E,  and  point.  C to  F.  U(l  , Ur , 

and  l'  are  identical  amplifiers  with 

stains  of  -0.5  volts  per  volt  and  with 

a + J.5  volt,  output  sere  offset.  The 

resulting  combination  provides  three 

successively  limiting  outputs  to  telemetry. 

with  adjacent  channel  stain  ratios  of  5. 

With  aero  Input,  all  three  outputs  are 

at  +.'.5  volts.  With  + 0.'i  volts  out 

of  the  preamp,  the  lb  output  is  at 

full  scale,  or  c.ero  volts,  Ur  at  +0.0 

volts  and  U,  at  + J.to  volts, 
o 

Calibration  for  the  TEP’s  was  performed 
at  AFCJL  during  the  month  of  June  197". 

The  tests  were  conducted  in  a bell  jar 
which  was  evacuated  to  about  10-  tori*. 

An  auxiliary  filament  and  sphere,  which 

were  controlled  by  external  power 

supplies,  were  varied  over  the  desired  ranee 

for  each  sensor  element.  As  the  input 

from  the  preamplifier  increases  in 

a positive  direction  to  J.O  volts, 

the  output  of  U;.  is  saturated  at  aero 

volts,  l'  eoes  to  ::oro  volts,  and  1' 

eoes  to  + 2.3  volts.  At  + 10  volts  in, 

IP,  and  U,  are  saturated  and  U just 
4 5 o 

reaches  full  scale  of  aero  volts. 


Opposite  polarity  inputs  cause  the  u;  ; uts 
to  successively  saturate  at  + 5.0  volts 
for  - 0.4  volts,  -2.0  volts,  and  - 10  volts 
respectively . 

An  additional  test  was  performed  to  set 
if  any  problems  occur  when  a new  f Hamer; 
is  used  to  replace  an  old  or  broken  one. 

It  is  necessary  to  know  how  long  ; : 
takes  for  a new  filament  to  reach  peak 
emission  because  of  the  relatively 
short  time  of  flight  of  the  rocket.  A 
typical  test  result  appears  on  Table 

2.5  Inter-Segment  Ri-Polar  Amplifier 

The  Inter-Segment  Bi-Polar  Amplifier  was 
used  to  measure  the  potential  difference 
between  a relatively  large  collecting,  area 
and  the  main  payload  body.  The  recovery 
parachute  housing  was  used  as  the  collect- 
ing area,  insulated  from  the  payload  by 
means  of  a machined  epoxy  'lass  ring. 

The  high  impedance  voltmeter  schematic  is 

shown  on  Drawing  C-946.  The  floating  housing 

q 

Is  connected  to  the  10  ohm  resistor  at  the 
amplifier  input.  For  steadv  state  operation 
(from  20  milliseconds  after  a mode  change 
until  20  milliseconds  before  the  next  mode 
change),  relays  K.,  and  K?  are  not  energized 
and  and  R are  out  of  the  circuit.  The 
overall  preamplifier  gain  is  .01  volts/volt. 

For  a + 10  volt  output  swing  the  floating 
element  can  swing  + 1000  volts. 
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During  the  mode  change  Interval  of  40  milli- 
seconds . K,  and  K . are  energised,  reducing 

■-  A 

the  input  resistor  to  10  ohm  and  the 
amplifier  gain  to  .1  volts/volt.  For  a + 

10  volt  output  swine  the  floating  element 
can  swing  + 100  volts.  The  reduced  impedances 
in  the  amplifier  rrovide  an  overall  amplifier 
frequency  response  of  over  POO  KH.t  when 
driving  the  input  with  a voltage  source. 

The  output  of  the  preamplifier  is  fed  to 
a telemetry  triad  identical  to  those  used 
in  the  thermal  emissive  passive  probes, 
and  positive  and  negative  peak  detectors. 

The  detectors  sample  during  the  40  milli- 
second mode  change  interval  and  hold  for 
the  remainder  of  the  mode. 

The  schematic  for  the  peak  detectors  is 
on  Drawing  C-916.  ' , and  form  the  peak 

detector  and  sample  and  hold.  The  negative 
peak  detector  is  identical  to  ’he  positive 
peak  detector  except  for  the  r lari*,  v of 
diodes  CR,  and  CR,,  and  the  use  of  inverting 
amplifier  U[-  which  is  used  to  reverse  the 
polarity  of  the  output  signal  for 
comoa* ab ' 1 i t v with  the  PCM  t < 1 erne  t rv  svstem. 

As  the  timing  table  on  the  schematic  shows, 
d urine  * he  first  second  of  the  mode  change 
interval,  S,  and  S,  are  closed.  ("these 
field  effe  trans 1 st  or  switches  are  part 
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of  the  analog  multiplexer  U^).  This 
causes  the  hold  capacitor,  C,,  to  be  set 
to  zero  volts. 

During  the  next.  39  milliseconds,  the  Is 
closed  and  S.,  and  S,  are  open.  The  output 
follows  the  Input,  positive  or  negative 
depending  upon  the  polarity  of  CR^  and 
OR.,.  Capacitor  C_  maintains  a voltage 
equal  to  the  largest  peak  seen  during 
this  Interval.  The  output  then  follows 
this  voltage. 

During  the  next  1l6D  milliseconds,  switch 
opens  and  the  output  remains  at  the 
peak  voltage  held  by  capacitor  The 

reset,  peak  detect  , and  hold  operat  Ion 
repeats  itself  at.  the  next  mode  change 
signal . 

P.6  Camera  Kleet rioal  Interface 

The  camera  system  was  designed  and  built 
by  Photometries,  Inc.,  of  Lexington,  Mass, 
a boom-mounted  mirror  system  allows  the 
camera  to  look  forward  along,  the  skin  of 
the  payload,  and  at  a set  of  spaced  elec- 
trodes Imbedded  In  the  Insulating  ring 
between  the  payload  electronics  section 
and  the  parachute  housing. 
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d for 

the  M I nary-coded- 

dec 

1 tna  1 

camera  dlspl 

ay  . 

Pec  t tna  1 

dip  It  P 

has 

si  X 

states. 

0 t hrouph 

P,  and  P,  have  elpht  otat.es,  0 t.hrouph  7. 
x .) 

D., , P)(,  and  D(-  have  two  states  each,  0 through 
1 . 

Pj  and  P,  are  then  the  mode  counter  with  a 
maximum  count  of  IP.  p,  t hrouph  P represent 

X (X 

the  program  count  with  a maximum  count  of 
Phh . 

The  actual  film  display  Is  shown  at  the 
hot. tom  of  Table  It'.  The  arrows  Indicate 
earn  1 es . 

The  camera  decoder’  lopie  and  film  and  shutter 
advance  electronics  are  all  TT1.  compatible. 

The  + h volt  power  for  the  camera  electronics 
Is  supplied  by  the  same  recall  at  ed  supply  as 
that  used  In  the  programmer , Rl'l,  sub- 
commutators, and  telemetry  post  ampl  1 f 1 err. . 


The  camera  shutter  and  film  advance  reqi.tr' 
10  to  .'0  ampere  pulses  at.  2 8 volts.  Si  nee 
this  power  Is  not.  needed  until  after  all 
doors  are  opened  and  booms  deployed,  * t ,< 
battery  for  the  timers,  and  electro- 
explosive  devices  for  door,  tip  and  boon 
deployment  are  switched  over  to  the  earner t 
after  all  other  t Imed  events  occur.  Tit,: 
provides  a dedicated  battery  supply  t 
the  camera  and  prevents  power  line  ores:-, 
talk  between  camera  and  experiments  due 
to  film  and  shutter  advance  current  pn  Lses . 

Telemetry  PCM  Format 

Table  17  shows  the  PCM  format  and  word 
assignments.  There  is  a 3?  word  main 
frame  with  11  bits  per  word,  10  bits 
data  and  the  most  si  ftni  f i cant  bit  is  used 
for  odd  parity.  The  bit  rate  Is  ,','0,000 
per  second  producing  a main  frame  rate  of 
605  per  second.  The  PCM  unit,  is  a Model 
Number  1101  IKM-.'Ph  1 made  by  Fifth  Dimension, 
Inc.,  of  Princeton,  New  Jersey.  It  pro- 
vides two  internal  sub-commutators.  The 
"B"  Internal  sub-commutator  used  main  frame 
word  Number  16  and  is  twenty  words  lono . 
one  word  of  which  is  used  as  a "B"  sub- 
commutat.or  sync  word.  The  "0"  internal 
sub-commutator  is  five  words  lono,  one  word 
of  which  is  used  as  a "0"  sub-eommut at  or 
sync  word. 


Because  DO  monitor  functions  were  required, 
many  of  which  were  slow  moving  channels, 
two  external  sub-commutators  were  built  Into 
the  electronics  section  of  the  un- 
pressurized section.  The  schematic  for  one 
external  sub-commutator  is  shown  on 
Drawing  D-905. 

U-j  la  a seven  stage  binary  counter  of  which 
five  stages  are  used  and  arranged  such  that 
on  the  beginning  of  count  BO,  the  counter  is 
reset  to  zero.  The  counter  counts  main  frame 
sync  pulses  available  from  the  PCM  system. 

A sub-commutator  sync  signal  is  also  available 
from  the  PCM  system.  Therefore,  the  "D"  and 

"E"  external  sub-commutators  are  locked  in 
step  with  the  "B"  Internal  sub-commutator . 

This  allows  ground  PCM  decommutat.ors  to  extract 
external  sub-commutator  signals  by  using  the 
"B"  sub-commutator  code. 

l!0,  and  If,  and  U ^ are  one-of-eight  multiplexers 
with  inhibit  lines,  wired  to  form  a one-of- 
twenty  multiplexer.  The  Q , and  Q,  outputs 
of  the  counter  drive  the  binary  control  inputs 
A,B,  and  C of  the  multiplexers.  The  Q-  and  Q J( 
output. s of  the  counter  are  logicallv  combined 
in  the  first,  three  poslt.ive  nand  gates  of  U(>  to 
drive  the  inhibit,  lines  of  the  multiplexer. 
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a nej-'a t Ive  nor  rate. 


The  last.  gat t'  of  , 
resets  t he  count  t?r  either  in  1 lie  nresemr’  t’ 
a signal  from  on  the  count  of  20  in  the 
counter  or  a PCM  sub-frame  syne. 

There  are  then,  20  input,  data  lines  and  a 
single  multiplexed  output  line.  The  ’’P" 
sub-commutator  output  is  wired  to  main 
frame  word  Number  20  in  the  PCM.  The  "F." 
sub-commutator  output  is  wired  to  main  fra  e 
word  Number  20. 

The  PTRS  system  was  given  highest  priori! v. 

This  instrument  had  never  been  flown  and  the 
charging  Rocket  A31.603  was  the  first  attempt 
to  obtain  space  flight  operation  information 
prior  to  the  SCATHA  satellite  flight  for 
which  the  basic  instrument  was  originally 
designed.  The  PTRS  was  especially  involved 
because  of  the  complexity  of  the  gas  supply, 
heating  of  the  cathode,  start,  of  the  discharge, 
pressure  rise  in  the  Ionization  chamber  after 
closing  the  pump  port,  and  the  squib  operated 
cover  release.  Therefore,  the  FIBS  monitors 
(all  except  the  xenon  tank  pressure  and 
power  processor  assembly  temperature)  were 
assigned  to  the  high  speed  main  frame.  These 
are  main  frame  words,  1 through  lJi  inclusive 
and  words  18,  10,  and  21.  in  t tie  final  pro- 
gram design  word  21  always  indicated  negat  ive 
neutral  1 zer  polar! t y . 
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The  REBS  cap  and  frame  current  monitors  were 
assigned  main  frame  word  Numbers  27  and  .’8. 

Words  IB  and  16  were  used  for  the  1?  step  mode 
staircase  and  the  6 step  RPA  staircase  general  ed 
in  the  programmer  section  of  the  electronics. 

The  RPA  logarithmic  electrometer  outputs  were 
assigned  words  22  and  28.  The  RPA  analog 
staircase  outputs  wen  assigned  words  25  and 
26.  A Squib  system  monitors  were  assigned  words 
80  and  31. 

The  "B"  Internal  sub-commutator  carried  the 
12  TEP  outputs  and  the  door,  caps,  boom  and 
t ip  monitors  as  well  as  all  battery  monitors. 

The  "C"  internal  sub-commutator  carried  the 
X and  Y magnetometers  and  accelerometer  outputs. 

The  "D"  external  sub-commutator  carried  the 
Aerospace  Surface  Potential  Monitor  outputs, 
the  Stanford  Research  Institute  Transient 
Pulse  Monitor  outputs,  a camera  shutter 
motion  monitor  and  the  HI -polar  Volt, meter 
out  puts . 

The  "E"  external  sub-commutator  carried  all 
the  regulated  supply  monitors,  pressure 
and  temperature  monitors,  program  staircase 
monitors  and  the  TEP  filament  current  monitors. 
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INPUT  POSITIVE  VOLTAGE 
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TABLE  1.  Positive  Ion  Beam  System 
Characteristics 


ELECTRICAL 


i. 

Ion  beam  current,  mA 

0.3  to  2.0 

2. 

Ion  beam  energy,  eV 

1000  and  2000 

» 

1 

3. 

Input  voltage,  V 

24  to  32 

•1 

i 

4. 

Input  power,  W 

a.  Maximum  startup 

b.  Beam  of  1 mA  and  1 KV 

c.  Beam  of  2 mA  and  2 KV 

50 

25 

45 

f; 

d.  Pull  beam  and  biased 
neutraliser 

6o 

5. 

Discharge  current,  mA 

30  to  200 

i 

6. 

Discharge  voltage,  V 

25  to  35 

1 1 

7. 

Cathode  power,  V 

0 to  25 

8. 

Keeper  power,  W 

2 

9. 

Neutraliser  heater  power,  W 

0 to  8 

10. 

Neutraliser  bias  voltage,  V 

0 to  1000 

11. 

Accelerator  voltage,  V 

-ISO  to  -300 

12. 

Expellant  latching  valve,  A/v/mS 

a.  Opening 

b.  Closing 

1.0/23/50 

0.1/28/50 

DATA  AND  COMMAND 

1. 

Commands 

a.  Number 

b.  Voltage  level,  V 

Up  to  29 

29 

2. 

Analog  Outputs  (Telemetry) 

a.  Number 

b.  Voltage  range,  V 

Up  to  18 

0 to  5 

Ll 


A 


PHYSICAL 

1.  Weight,  Kg  (lb) 

2.  Site,  cm 


-1)2- 


7.3  (16.0) 

1*9  x 23  x 13 


Instrument  on*  Turns  on  instrument  power 

Instrument  off*  Turns  off  all  instrument  power 


Instrument  on/off"  is  implemented  by  connecting  or  disconnecting  26  V input  power. 


TABLE  3-  Positive  Ion  Beam  System 

Analog  Outputs  (Telemetry)  and 
Actual  Value  For  Full  Scale  (5  V) 


Channel 

No. 

Description 

Actual  Value  for  5 V 

Output,  + 5% 

i 

1 

Beam  current 

2.5  mA  (+  2%) 

2 

Beam  voltage 

2500  V 

3 

Discharge  current 

250  mA 

4 

Discharge  voltage 

50  V 

5 

Keeper  current 

250  mA 

6 

Keeper  high  voltage 

1000  V 

7 

Keeper  low  voltage 

50  V 

8 

Cathode  heater  current 

a 

5 A 

9 

Accel  current 

2.5  mA 

10 

€L 

Decel  current 

2.5  mA 

1 

Neutralizer  heater  current 

5 A 

12 

Neutralizer  bias  voltage 

b 

1000  V 

13 

Neutralizer  emission 
b 

2.5  mA  (+  10%) 

l4 

SPIBS  net  current 

2.5  mA  ( + 10%) 

15 

Tank  pressure 

1500  psia 

16 

Power  processor  temperature 

See  calib  curve 

17 

PPA  AC  inverter  current 

1.5  A 

18  PPA  AC  inverter  voltage 

a 

To  indicate  anomolous  condition 

50  V 

b 

In  three  ranges:  2.5  to  25  uA;  25  uA  to  250  uA;  250  uA  to  2.5  mA 
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TABLE  4.  Particle  Beam  <3y*> +-»»■«■  ^ 1 </ht  Mode 
Program  Sequence 
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TABLE  5-  300  Volt  Outer  Thermal  Emissive 

Probe  Calibration 


50 


-9.95  9-7  -t-231  *268 

*9.91  9-7  -297  -2C<3 


TABLE  10.  500  Volt  Inner  Thermal  Bnissive 

Probe  Calibration 
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TABLE  11.  500  Volt  Outer  Thermal  Emissive 

Probe  Calibration 


TABLE  12. 


New  Filament  Buission  Teat  (July  20,  1977) 
A POL  Bell  Jar 

Used  500  4>  As  A Power  Source 
Collector  Biased  At  +50  V 


TIME 

FTL  #1 

FIL  #2 

5 SEC 

k uA 

20  uA 

15  " 

lU  " 

24  " 

30  " 

22  " 

27  " 

U5  " 

30  " 

31  " 

60  " 

34  » 

35  " 

90  " 

4o  " 

4o  " 

120  " 

44  « 

44  •• 

3 MIN 

49  » 

49  » 

' I 


TABLE  13.  Inter-Segment  Bipolar  Voltmeter 
Preamp  Calibration 


Past  Mode  Low  impedance 


Ein 

E 

out 

Pin 

E 

out 

10 

1.04 

60 

6.26 

20 

2.08 

70 

7.30 

30 

3-12 

80 

8.35 

4o 

4.17 

90 

9.41 

50 

5.21 

100 

1C  47 

High  Voltage  Mode 

Ein 

Eout 

Ein 

Eo\  t 

+ 100 

+.99 

-.99 

+ 600 

+5.96 

-5.97 

+ 200 

+1.99 

-1.99 

+ 700 

+6.96 

-6.97 

+ 300 

+2.98 

-2.98 

+ 800 

+7.95 

-7.  )7 

+ 4oo 

+3-97 

-3.98 

+ 900 

+8.95 

-8.48 

+ 500 

+4.97 

-4.98 

+1000 

+9-95 

-4.46 

June  16,  1977 
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TABLE  l1*.  Post  Amplifiers 
Output  vs.  Input 
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0.G7  0.05  0.06  0.06 


TABLE  1'  . 


Camera  Frame  Numta-r 
Encoding  ami  PI. play 


Input  Blnai'y  Digit.-  and  Weight 


Dt  uplay  Digit 

(Decimal)  0 4 


Mode 

Counter 

Pi 

p: 

0 

0 

A . 

0 

A1 

0 

A 

o 

A-, 

Pt-  'gram 

D? 

D4 

0 

0 

B„ 

o' 

PI 

0 

B 

o 

F., 

C. unto  r 

Dh 

0 

G. , 

C1 

a 

Co 

DP 

0 

0 

0 

C , 

s 

An 

Binary 

Digits  From 

; 1 

0 Mod 

e Counter 

B 

n 

Binary 

Digit  r.  From 

Fi  r 

. t t 

It'  Program 

Count  t 

Cn 

Binary 

Plgitc.  From 

St ' (* 

end  i 

It-  Program 

Count 

"0"  ’ . 

Ind Lent 

e Wt  red  Gr oundc 

At  Di  ..pi  ay  Elec 

t ron  1 c 

m Phadav 


Arrow.-  Indicate  Carrier. 


TABLE  1 8 : Event  Sequence  - A31.603 
Flight  Data 


Function  Versus  Time  After 
Launch  and  Altitude 


Time 

Altitude 

Function 

(Sec) 

( Km) 

53 

53 

Motor  Burnout 

64 

74 

Despin 

66 

78 

Motor  Separation 

69 

83 

Tip,  Boom  Doors,  Surface  Fotentia 
Monitor  Door,  RFA  42  - Blown 

71 

87 

RPS  41  Door,  Camera  Door  - Blown 

81 

105 

PI  I and  RI A H.V.  n,  TEI  Fils.  On 

87 

114 

Electron  Gun  Cap  Blown 

94 

125 

Camera  On 

95* 

127 

501  Volt  TEF  Boom  Extende- 

103 

139 

Ion  Beam  Program  Power  On 

157 

205 

Electron  Beam  On  (First  Sign  of 
Beam  After  Cap  Open). 

264 

257.7 

Apogee 

443 

112 

Instrument  Power  Off 

*300  Volt 

TEP  Boom 

Never  FuLly  Extended 
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